Combination of different nontrivial topological states in a single material is capable of realizing multiple functionalities and exotic physics, but such materials are still very sparse. We report herein the results of magnetotransport measurements and ab initio calculations on single crystalline CaAl 2 Si 2 semimetal. The transport properties could be well understood in connection with the two-band model, agreeing well with the theoretical calculations indicating four main sheets of Fermi surface consisting of three hole pockets centered at the Γ point and one electron pocket centered at the M point in the Brillouin zone. The single fundamental frequency imposed in the quantum oscillations of magnetoresistance corresponds to the electron Fermi pocket. Without spin-orbit coupling (SOC), the ab initio calculations suggest CaAl 2 Si 2 as a system hosting a topological nodal-line setting around the Γ point in the Brillouin zone close to the Fermi level. Once including the SOC, the fragile nodal-line will be gapped and a pair of Dirac points emerge along the high symmetric Γ-A direction locating at the Brillouin zone coordinates (0, 0, ), which is about 1.22 eV below the Fermi level. The SOC can also induce a topological insulator state along the Γ-A direction with a gap of about 3 meV. The results demonstrate CaAl 2 Si 2 as an excellent platform for the study of novel topological physics with multiple topological states.
I. INTRODUCTION
Topological semimetals (TSMs) have been subjected to immense interest because their nontrivial topological band structure could serve as a unique venue for discovering exotic physical properties both in bulk and surface states [1] [2] [3] [4] , represented by the Dirac fermions 2, 5-8 , Weyl fermions 1, [9] [10] [11] [12] [13] [14] [15] [16] , Majorana fermions 17, 18 , and other exotic new fermions beyond Dirac and Weyl fermions [19] [20] [21] [22] [23] . The emergence of different topological fermions generally requires protection from specific symmetries and topology of the electronic band structure. For Dirac semimetals (DSMs) with both time-reversal (TR) and space-inversion (SI) symmetries, the fourfold degenerate Dirac point (DP) formed by two degenerate nodes with opposite chirality also requires the protection of additional symmetry from being annihilated or separated, such as a certain crystalline symmetry 2, 6-8 . Once the TR or/and SI is broken, the DP is split into a pair of doubly degenerate Weyl points (WPs), of which the chirality is also symmetry protected 1, 10, 14, 15 . The realization of Dirac and Weyl fermions in solids has bridged with those predicated in high-energy physics. However, the Lorentz invariance is strictly required in high-energy physics whereas is not necessary in solids. When the low-energy excitation breaks the Lorentz invariance, the Dirac/Weyl cones are tilted strongly along a certain momentum direction and the DPs and WPs appear on the boundaries between the hole and electron pockets, thus forming the type-II DSM and WSM [24] [25] [26] [27] . The peculiar band topology in the type-II family can produce many exotic phenomena, such as Klein tunneling in momentum space 28 , anisotropic electric transport 29 , angle-dependent chiral anomaly 30 , etc.
Regarding the various nontrivial topological states, it is naturally a question that whether one can combine different topological states into a single material, so that to produce multiple functionalities from the well separated nontrivial topological states, or even the interplay among them. However, due to the different symmetry requirements, the simultaneous realization of different topological states in a single material is very difficult and such materials are in fact very rare. Despite of these difficulties, several materials were theoretically predicated to host multiple topological states and some of them were even experimentally verified. In the noncentrosymmetric cubic B20-type (space group: P2 1 3) CoSi, the chiral crystal symmetry plays an essential role in protecting the unconventional multifold chiral fermions, i.e. the spin-1 chiral fermion carrying a Chern number C = ±2 with threefold band crossing and charge-2 DPs with fourfold degeneracy 19, 20 , proved by the very recent angle-resolve photoemission spectroscopy (ARPES) measurements 22, 23 . In the layered transition metal telluride TaIrTe 4 , in addition to the well separated WPs that were already predicated in the k space above the Fermi level E F , a pair of nodal lines protected by mirror symmetry was also detected by the ARPES measurements 31 from Quantum Design. We used three crystals from the same batch for each of the resistivity, Hall effect, and magneto-transport measurements. The obtained data of the three crystals closely agree with each other, guaranteeing the reliability of the results.
The first-principles calculations were carried out within the framework of the projector augmented wave (PAW) method 36, 37 and employed the generalized gradient approximation (GGA) 38 with Perdew-Burke-Ernzerhof (PBE) formula 39 , as implemented in the Vienna ab initio Simulation Package (VASP) [40] [41] [42] . A kinetic energy cutoff of 500 eV and a Γ-centered k mesh of 10×10×6 were utilized in all calculations. The energy and force difference criterion were defined as 10 -6 eV and 0.01 eV/Å for self-consistent convergence and structural relaxation. The WANNIER90 package [43] [44] [45] was adopted to construct Wannier functions from the first-principles results without an iterative maximal-localization procedure. The WANNIERTOOLS 46 code was used to investigate the topological features of surface state spectra.
III. RESULTS AND DISCUSSION
The temperature (T) dependence of longitudinal resistivity ρ xx measured with B perpendicular to the (001) plane and the electrical current I along the b-axis at a magnetic field B = 0 T is presented in Fig. 1(c) , which displays typical semi-metallic conduction with a residual resistance ratio (RRR) ρ xx (300 K)/ρ xx (2 K) of about 9. The application of B = 9 T significantly enhances ρ xx to be somewhat insulating with a plateau behavior at low temperature, which is commonly observed in many topological semimetals [47] [48] [49] [50] . Thermal evolution of the B dependent ρ xx measured in the temperature range of 2 -100 K is summarized in Fig. 2(a) The angle-dependent MR is presented in Fig. 4(a) with the measurement geometry shown as the inset. The clear change in angle dependent magnitude of MR exposes the anisotropic nature of the band structure. Fig. 4(b) presents the angle dependent SdH oscillations with a constant offset after subtracting the smooth background, which exhibits clear shift of the peaks with the increase of θ, i.e. the angle between B and the c-axis. The θ dependence of frequency F derived from the SdH oscillations is shown in Fig. 4(c) . The frequency changes from 90 T at θ = 0° (in plane) to 110 T at θ = 90° (out of plane), clearly unveiling the anisotropy of the Fermi pocket associated with the SdH oscillations. To achieve in-depth insights to the SdH oscillations, the calculated FSs are shown in Fig. 4(d) . There are four main sheets of FS, consisting of three hole pockets centered at the Γ point and one electron pocket centered at the M point of the BZ. According to the calculation, the hole 2 and 3 pockets can be excluded as the sources producing the SdH oscillations because they are obviously isotropic. The hole pocket 1 has a maximal area in the ab plane, which is not consistent with our experiment data. The electron pocket shows clear anisotropy and the out of plane area is larger than the in-plane one, which is nicely consistent with our analysis on angle-dependent measurements. The SdH oscillations originated from the electron pocket rather than the hole pockets are due to the fact that the mobility of the hole pockets is actually rather small compared with that of the electron pocket, as discussed in the above paragraph. It is known that the quantum lifetime τ Q of the electrons is sensitive to all angle scattering processes that could broaden the Landau levels, while the transport lifetime τ T is only susceptible to the large angle scattering process. In principle, the τ T /τ Q ratio is a measure of the relative importance of small angle scattering. According to the Hall effect measurement, the transport lifetime τ T = m * μ e /e = 1.9 × 10 -12 s, thus yielding the τ T /τ Q ratio of 8, indicating that the small angle scattering plays a dominated role in the transport. However, this ratio is significantly smaller than that of Cd 3 As 2 61 , consistent with the fact that the carrier mobility is lower.
The calculated band structure in the absence of SOC is shown in Fig. 5(a) , indicating that CaAl 2 Si 2 is a semimetal with an overlap between the valence bands and conduction band. These results are in gratifying agreement with previous electronic structure calculations and electrical resistivity measurements 35, 51, 59 . Note that the hole 1 FS in the shape of a ring torus is quite rare and likely to enclose a nodal line 60 . Along the Γ-K direction, there is a linear band crossing near the E F , seen in Fig 
IV. SUMMARY
In conclusion, the peculiar electronic band structure of the layered CaAl 2 Si 2 plays a decisive role in dominating the magnetotransport properties. We have unveiled that CaAl 2 Si 2 is a topological semimetal hosting intriguing multiple nontrivial topological states that could be tuned by SOC. In the absence of SOC, it holds topological nodal-line structure close to the E F . Once SOC is taken into account, the topological nodal-line will be gapped and a pair of Dirac points, together with the SOC induced topological insulator state, will emerge along the highly symmetric Γ-A direction. These intriguing multiple nontrivial topological states make CaAl 2 Si 2 an excellent platform for the study of novel topological physics and exploring multiple functionalities.
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